The purpose of this research is to study the characteristics of indoor thermal environment on the sixth floor of Taiwan Building Technology Center (T.B.T.C.) building. Experimental measurements were conducted in a test chamber with the UnderFloor Air Distribution (UFAD) system. This research investigates supply air flow velocity and flow rate, and the vertical temperature distribution in the indoor environment. The experimental results of supply air flow velocity and flow rate show that the supply air flow rate for a single supply vent is 0.022 m 3 /s for the Q 1 option, 0.024 m 3 /s for the Q 2 option and 0.033 m 3 /s for the Q 3 option. The results also show that the indoor vertical temperature distribution is influenced by the distance between the measuring location and the supply vent position. When the measuring location is close to the supply vent, the vertical temperature profile is influenced by the supply conditioned airflow. When the distance from the supply vent is larger than 150 cm, the vertical temperature distribution becomes quite consistent. The vertical temperature profile is not influenced significantly by the return vent location. The supply air flow rate can change the vertical temperature distribution.
Introduction
UnderFloor Air Distribution (UFAD) system originally was introduced in the 1950s. Its main purpose was to remove high heat loads in the spaces. In the 1970s, UFAD system was introduced into office building in West Germany, to remove heat load in the office. Recently, UFAD systems have considerable acceptance in Europe, South Africa, Japan and North America. UnderFloor Air Distribution (UFAD) systems are somewhat different from traditional overhead ventilation systems. A typical UFAD system uses an UnderFloor supply plenum and a raised access floor to supply the conditioned air through the supply vents at the floor level. The conditioned air is injected upward into the occupied zone. Room air then returns through return vents on the ceiling. Bauman and Webster [1] showed that UFAD has several benefits, such as reduced building life cycle cost, improved thermal comfort, improved ventilation efficiency and indoor air quality (IAQ), reduced energy use, reduced floor to floor height in new construction and improved productivity and health of the occupant in the indoor space. Wang et al. [2] investigated the thermal stratification characteristics in a real-scale space with UFAD system. Their experimental results show that there are 4 zones in the vertical thermal stratification space. Namely, they are bottom cooler zone, lower narrow zone, transitional zone, and upper warmer zone. Alajmi and El-Amer [3] investigated the energy consumption of UFAD systems in commercial buildings for various types of application and at different air supply temperatures in a hot climate. Their results show that UFAD systems have a significant energy saving compared to ceiling-based air distribution (CBAD) systems, especially for high ceiling buildings. Webster et al. [4] showed the impact of supply air flow rate and supply air temperature of UFAD system on the thermal stratification in the indoor environment. As the supply air flow rate increases, room air stratification decreases. When the supply air temperature changes, the vertical temperature profile does not change, but shifts to the higher or lower temperature direction. Wan and Chao [5] found that the temperature stratification in the enclosure with UFAD systems highly depended on the thermal length scale of the floor supply jets. When the thermal length scale of the floor supply jet is greater than 1, temperature stratification is weak for all tested heat densities and air distribution methods. Lin and Linden [6] presented a study of the steady-state flow driven by a heat source and an UFAD cooling diffuser in a ventilated space having a ceiling return vent. The results showed that when the vertical momentum is small, the entrainment mechanism at the stratification interface is not significant. When the vertical momentum increases, the stratification interface is raised above the height of the pure displacement ventilation case and the lower layer temperature increases. The interface height is controlled by the supply flow rate and the momentum flux of the diffuser, but the temperature difference between the two layers is varied by the momentum flux of the diffuser only. The heat load determines the temperature in the space for a given supply diffuser condition.
Experiment Set-up
The field measurements are conducted on the sixth floor of Taiwan Building Technology Center (T.B.T.C.) building in National Taiwan University of Science and Technology. In the test chamber, the conditioned air is supplied by eight rectangular supply vents with the size of 40 cm (length) × 20 cm (width) on the floor. The room air exits the space through the return vents on the ceiling, becoming the return air, and finally comes back to the air conditioners to be cooled air. The air is circulating in the room as shown in Fig. 1(a) . The measurement space in the test chamber are consisting of Main area and the area in front of Display stand, as shown in Fig. 1(b) . The Main area is 810 cm (length) × 625 cm (width) × 325 cm (height) and the area in front of Display stand is 190 cm (length) × 230 cm (width) × 325 cm (height).
The measuring instruments include Hot-wire anemometer for measuring the supply velocity, DICKSON TK550 thermistor for measuring the outdoor temperature and the supply air temperature with the frequency of 4 minutes interval for every two consecutive measurements and T-type thermocouple for measuring the indoor vertical temperature with the frequency of 2 seconds interval for every two consecutive measurements. 
Results and Discussion

Total supply air flow rate and the vertical temperature profile in the room with UFAD system
The experimental results of the supply air velocity measurements show that the supply air flow rate for a single supply vent is 0.022 m 3 /s for the Q 1 option, 0.024 m 3 /s for the Q 2 option and 0.033 m 3 /s for the Q 3 option. The total supply air flow rate is 0.18 m 3 /s for the Q 1 option, 0.20 m 3 /s for the Q 2 option and 0.27 m 3 /s for the Q 3 option in this indoor environment. Fig. 2 shows that there is a stratified interface in the room. The locations A, H and I, which are close to the supply air vents, are defined as the air supply areas, the locations B, C, F and G far away from the supply air vents are defined as the free areas, and the locations D and E just below the return air vents are defined as the air return areas. When the supply air flow rate increases, the temperature stratification decreases resulting from the stronger supply momentum. If the measurement location is close to the supply vent, the temperature profile is influenced by the supply conditioned airflow. The vertical temperature profile is not affected significantly at the location of air return area. Fig. 3 shows the temperature profiles having different distances from the supply vent with the Q 3 option. The distance from the supply vent to the locations C3, C4, C5, C6 and C7 is 75 cm, to the locations C8, C9, C10, C11 and C12 is 150 cm, and to the locations C13, C14, C15, C16 and C17 is 225 cm. The results show the relation between the vertical temperature profile and the distance away from the supply vent. If the distance is far from the supply vent, the vertical temperature profile is not affected by the supply conditioned flow. The experimental results show that if the distance away from the supply vent is larger than 150 cm, the vertical temperature profile becomes very consistent. Fig. 4 shows the temperature profiles of the air supply area and the free area. When two temperature profiles reach the same temperature, the height of the same temperature is defined as the throw height (T.H.). The height is considered as the maximum height which the supply conditioned air can reach. Experimental results show that T.H. is 0.9 m for the Q 1 option, 0.9 m for the Q 2 option, and 1.9 m for the Q 3 option. 
The throw height and the stratification height against the air flow rate
Conclusions
The field experimental results in this research show that the supply air flow rate has a significant effect on the vertical temperature distribution. When the supply air flow rate increases, the vertical temperature profile becomes less steep and the stratification height is raised. The temperature profile is also influenced by the distance away from the supply vent. If the measuring location is close to the supply vent, the temperature profile is influenced clearly by the supply conditioned airflow.
